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1.0 ABSTRACT \ 
w^ 
Atherosclerotic vascular disease is a major medical problem throughout 
the world. Changes of atherosclerosis, often in the form of diffuse thickening of 
intima and media layers of carotid artery wall, start years before onset of clinical 
manifestation. High resolution B-mode ultrasonography can be used for the 
..accurate，reproducible and noninvasive measurement of intimal-media thickness 
and lumen diameter of superficial arteries. In Hong Kong, there has been no 
defmitive study using this new noninvasive method to evaluate atherosclerosis of 
extracranial carotid artery or common femoral artery. To develop this noninvasive 
procedure for vascular assessment, adequate and proper training of the 
..ultrasonographer is ofmost importance. To be able to use a standardized scanning 
,and measurement protocol reliably, the training time for a ultrasonographer would 
be at least 4 to'6 months. 
To assess the reproducibility of the scanning method, high resolution B_ 
mode ultrasonic examination using a Philips model 700 machine with 7.5 ,MHz 
linear probe and Doppler colour flow, was performed on 144 patients (80 with 
coronary artery disease, 42 with hypertension and 22 normal coronary patients) on 
‘> 
two occasions with an interval of 0.5 to 10 weeks apart (mean l.3±1.5 weeks) by 
the same sonographer, without knowledge of the results of previous examination. 
The absolute difference of intimal- media thickness at common carotid artery and 
common femoral artery between two measurements was fi:om 0.036 mm to 0.11 
I mm and the correlation of variation of the examinations was in a range of 7.4% to 
‘ 11.3%. The absolute difference of lumen diameter measurement was from 0.02 
I mm to 0.131 mm, and the correlation of variation was in a range from 6.4% to 
13.2%. Reproducibility of examination at other arteries was lower. 
• 
To test the clinical relevance of such ultrasonic scanning and"-
measurement, B-mode ultrasonography was then performed on a total of 461 
patients (mean age 59.4土8.8 years). 285 had coronary artery disease, 94 had 
hypertension and 82 had normal coronary arteries. The mean maximal intimal-
media thickness was greater at common carotid artery and carotid bifurcation. The 
intimal- media thickness of coronary group (0.81±0.41 mm) was significantly 
higher than hypertensive group (0.72±0.23 mm, p<0.01) and normal group 
(0.7士0.15 mm, p<0.001). The mean maximal intimal-media thickness at carotid 
bifurcation was greater in patients >60 years in both hypertensive and coronary 
patients and was greater only in coronary patients in the younger age group <60 
years. 
Atherosclerotic plaques (intimaI- media thickness >1.2 mm) were more 
frequently found in carotid bifurcation and common carotid segments. The overall 
prevalence of carotid atherosclerosis was 40.3% in the 461 patients studied. 
Carotid atherosclerosis was more prevalent in the males aged >60 years and 
among coronary patients compared with normal or hypertension patients. Plaque 
index as an indicator of extent of atherosclerosis was higher in the coronary 
patients compared with hypertension or normal patients. 
1 
The present study confirmed that high resolution B-mode ultrasonic 
imaging is a safe, painless, inexpansive noninvasive method that requires no 
injection of contrast material. The reproducibility in measuring intimal- media 
thickness and lumen diameter is excellent. This development has made it possible 
to detect relatively small changes in lumen size and arteriaJ wall thickness in 
subjects with or without symptomatic atherosclerotic disease. High resolution B-
mode ultrasonography will be very contributory to many epidemiological studies 
and clinical trials on atherosclerosis in Hong Kong. � 
2 
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2.0 INTRODUCTION 
Athersoclerotic vascular disease, a source ofboth mortality and morbidity, 
is a major medical problem throughout the world. With the adoption of a modem 
lifestyle and aging of the population, the incidence of atherosclerotic disease is 
increasing [l-18]. There has been a rapid accumulation in our knowledge of the 
aetiology, pathogenesis and clinical sequelae of atherosclerosis in the past four 
decades. [19-32]. A strong correlation between the extent of carotid and coronary 
atherosclerosis has been demonstrated in autopsy studies [21,26,29,33-35], which 
may reflect similarities between the risk factors for symptomatic coronary artery 
disease and cerebrovascular disease. Moreover, the presence of asymptomatic 
carotid stenosis is a powerful predictor of likelihood of cardiovascular disease 
'10,31,36-38]. Atherosclerotic lesions of extracranial carotid arteries are often 
quite advanced by the time clinical symptoms and signs appear. Changes of 
atherosclerosis, often in the form of diffuse thickening of intima and media layers 
of carotid arterial wall, start years before these complications [4,6,15,24,39-41\ 
The common carotid artery can serve as an important target for studying 
atherosclerosis because it can be easily imaged and it is closely related to 
cerebrovascular disease. To prevent further progression of the disease, the 
detection of early carotid atherosclerosis is highly desirable. '• 
A number of technologies have been developed to evaluate carotid 
I atherosclerosis. In the past, traditional diagnostic procedures in clinical practice 
were performed only when the subject presents either with symptoms or shows 
abnormal physical findings. For years, the diagnostic workup of suspected 
：； extracranial arterial disease has focused on palpation of arteries, auscultation of 
丨 冬 
|| bruits, radionuclide cerebral blood flow measurements and 
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乂 
cerebral angiography [21,42-53]. More recently, intravenous or intraarterial 
digital subtraction angiography; computerized tomographic angiography; and 
magnetic resonance angiography have been added in the armoury [30,42-48,52,54-
73]. However, angiography is expensive and invasive and not without risk and 
therefore cannot be performed on every subject suspected of having carotid artery 
disease. For this reason, less expensive noninvasive imaging techniques are 
required. Several noninvasive tests have been developed to detect disease in the 
carotid arteries by studying the pressure of flow changes at the level of the 
ophthalmic or carotid artery, including phonoangiography, 
oculoplethysmography, pneumoplethysmography, periorbital bidirectional 
Doppler and transcranial Doppler . 
In early 1970s，quantitative phonoangiography was deveioped to estimate 
the residual lumen diameter in the region of plaque by analysing the sound wave 
produced by the vibrating arteries[28,29,74-77]. Continuous wave Doppler was 
utilized to evaluate flow of supraobital and supratrochlear vessels in periorbital 
bidirectional Doppler[75,78-82 ]. This test is positive only in patients with carotid 
artery disease. It can not distinguish high grade stenosis from total occlusion and 
is of little value in documenting progressive changes of the disease. 
.V 
Oculoplethysmography was developed in mid- 1970s to assess orbital circulation 
by analysing the diffemces in systolic pressures and pulse arrival time[28,75, 
77,83-86 ]. A major limiting factor of this test is inability to detect and stratify the 
different grades of involvement of the orbital circulation. Transcranial Doppler is 
the new recent development in technology of measuring intracerebral blood flow 
[48,56,58,60,87-93]. However ail of these are indirect tests and there has been 




Ultrasonic angiography was developed also 1970s and there has been a 
rapid development in the technologies using both continuous wave Doppler and 
pulse-Doppler systems[87,88,92-95]. Colour coded flow images of the carotid 
system can be produced. The main advantage of the pulse-Doppler system is the 
ability to sample the flow firom a discrete area along and across arteries. The 
method provides a reasonably accurate verification of total occlusion of the 
internal carotid artery. In the 1980s，the Duplex scanning system were developed 
for the assessment of peripheral vascular disease[89-91,95-97]. Both vessel wail 
and Doppler flow could be measured, and these system very soon found clinical 
applications in evaluation of the carotid system. The flow image corresponds fairly 
well to that seen with contrast arteriogram, but it is can be difficult to distinguish 
with certainty the internal from the external carotid arteries. The system cannot 
assess the velocity gradient across the stenosed segment and can miss the detection 
of total occlusion of the internal carotid arterty. Like direct contrast angiography, 
sensitivity of the early ultrasonic methodologies in identifying early 
atherosclerotic disease is limited. 
More recent improvements in high resolution B-mode ultrasonography 
combined with colour Doppler flow have made this one of the most advanced and 
applicable methods for examination of the carotid arteries [4,6,12，14，16，37，39， 
’ 41,67,82,109-155]. It provides real-time information for both the lumen and the 
vessel wall characteristics, is capable of detecting even early and mild lesion, wall 
irregularities of the common carotid system (bifurcation, internal and external 
arteries), also the abdominal aorta and common femoral arteries, and has made the 
visualization and measurements of the intimal-media thickness of extracranial 
arterial wall and plaques possible. Compared with invasive angiography, this 
method has the advantage not only of being noninvasive but in being capable of 
� detecting early atherosclerotic changes as well as more advance changes. B-mode 
5 
V 
ultrasound imaging has been established and validated in many countries and has 
been used in clinical trials or large epidemiological studies, such as 
Atherosclerotic Risk In Communities (ARIC)[7,12,32,50,125,129,137,140,156-
165]. It is also currently being used to assess the haemodynamic significance of 
atherosclerotic lesions and to monitor changes of atherosclerotic plaques over 
time[12,40,101,115,121,129,130,140,141,156,157,159,166-181]. 
\ 






3.0 A m OF STUDY 
In Hong Kong, there has been no definitive work using this new 
noninvasive method to evaluate atherosclerosis of extracranial carotid artery or 
femoral artery. The aim of this study is to report the development of this new 
noninvasive technique in Hong Kong. The specific objectives of study reported 
are : 
1. To determine the reproducibility of measurements of intimal-media wall 
thickness and atherosclerotic plaque size with this method. 
2. To determine the prevalence, extent and severity of carotid or common 
femoral artery in Chinese patients with ischaemic heart disease or hypertension in 
Hong Kong. 
4.0 PATIENTS AND METHODS 
4.1.0 Patients and Preparations 
A total of 461 patients with age ranged from 32 to 77 years were ‘ 
examined by B-mode ultrasonography. The presence and absence of coronary 
artery disease was documented by coronary angiography. 296 were men and 165 
women, with an age of 59.4土8.8 years (mean ±SD), and male to female ratio of 
1.8 : 1. They were in-patients of the Prince of Wales Hopsital or were attending 
the Li Ka Shing Specialist Clinic ofthe hospital in the period 1993 - 1994. Of 
these 461 patients, 285 had coronary artery disease (CAD), 94 had uncomplicated 
H 
hypertension and 82 had angiogiaphically normal coronary arteries fNIORMAL). 




The relevant characteristics of these 3 groups of patients were presented in th^ 
Table 1. 
For preparation, the patients lay supine quietly for 5 minutes prior to the 
B-mode examination, with neck and earlobe omaments and outer clothings 
removed, extremities relaxed by the side of the body, and the head tumed 40° -
45° contralaterally with a specially designed cushion. 
Blood pressures was measured twice before and after the B-mode 
scanning using a standard clinical mercury sphygmomanometer. 
Electrocardiography leads were attached in lead II configuration and the ECG 
tracing adjusted to obtain a clear QRS signal. For each. patient, demographic 
information on smoking habits, and history of diabetes mellitus were obtained 
using a questionnaire form. Blood samples for total serum cholesterol and 
triglyceride were taken after a fasting period of 10 to 12 hours. The whole 
examination of both carotid arteries and femoral arteries took approximately 50 
minutes per subject. 
4.2.0 Ultrasound Machine 
:i 
High resolution B-mode ultrasonic scanning of carotid artery system and 
common femoral artery were performed according to the technique described by 
previous studies. 
A Philips 700 computerized sonography system (Philips Medical System, 
Santa An^, CA, U.S.A.) with a linear transducer of 7.5 MHz scanning frequency 
in B-mode and 5 MHz in pulsed Doppler-mode was used to identify the different 


































































































































































































































































































































































































































































through a 128-channel beam-forming imaging composite computer. Greater� 
contrast and temporal resolution was achieved through 256 grey shades, digitally 
encoded for optimum tissue differentiation. 
All images were transcribed on one-half inch videotape using a Panasonic 
VHS (model AG-7350) recorder, and hard copies were taken by a multiformat 
camera on 18 x 24 cm X-ray film. 
The depth of ultrasonic beam was set to 4 cm and two vertical lines were 
marked centrally on the monitor about 3 cm apart. The time gain compensation 
(TGC) was set to optimise each scan. The input power was set to the minimum 
required for a particular patient in order to clearly visualize the luminal-intima 
interface. 
4.3.0 B-mode Ultrasound Imaging Method 
A standarized scanning protocol was utilized to ensure reproducibility of 
measurements of the arterial wall. This included the identification of arterial 
references and defmition of near and far-wall arterial interfaces. 
i 
4.3.1 Artery Anatomy 
(A) Carotid System 
For studying atherasclerotic changes, the carotid artery was divided into 
three segments based on arterial anatomy and geometry, namely, the distal 
common carotid artery (right and left), the carotid bifurcation (bulb), and the 




The common carotid artery segment was defined as the distal 1.0 cm of 
the straight part of the artery immediately proximal to the beginning of the 
bifurcation. The key anatomical feature defining this segment was the flow 
divider of the bifurcation pFigure 2". 
The carotid bifurcation segment had two anatomical references that 
allowed its reliable identification: its proximal extent was the crest at the origin of 
the bifurcation, and its distal extent was the highest point in each of the flow 
divide separating the origins of the internal and external carotid arteries [Figure 
o 1 
J . 
The internal carotid artery segment was defined as the proximal 1.0 cm of 
the internal carotid artery and its reference was the superior arch of flow divider 
Tigure4^ 
03) Common Femoral Artery 
The common femoral arteries in the upper part of the thighs were scanned. 
The segment of femoral artery in Hunter's canal was excluded from the screening 
procedure because it is ususally too deep in the thigh for adequate visualization 
) 
Tigure 5". 
4.3.2 Interface of arterial wall 
Three interfaces of the far wall of the arteries were identified. In a 
longitudinal B-mode ultrasound image, the first arterial interface corresponded 
anatomicaUy to the near-wall periadventitial-adventitial boundary (interface 1). 
The second boundary was the near-wall adventitial-mediaI interface (interface 2), 、 . 、 
and the third interface on the near-wall was between the intima and lumen 
1 1 
•V 
(interface 3). Similarly, three arterial interfaces were demonstrated on the far wall 
intimal-luminal (interface 4); medial-adventitial (interface^5) and adventitial-
periadventitial interfaces (interface 6) p g u r e 6]. In this study, all measurements 
were taken from the far wall ofthe arteries. 
4.3.3 B-mode ultrasound image orientation 
. In the typical protocol, the artery was scanned from different directions 
during B-mode ultrasound examination of the carotid and femoral arteries. The 
three longitudinal transducer positions were: 
(A) anterior oblique, as near to the clavicle as possible; 
(B) lateral oblique, at approximately 90� f rom the anterior oblique; 
(C) posterior oblique, with the sound beam entering behind the stemomastoid 
muscle. 
In keeping with accepted conventions, during the examination, 
longitudinal images were usually orientated with the patient's head tumed to right 
or left. To obtain good quality ultrasound image of arteries and to detect the site 
of the most advance lesion, longitudinal "frozen" picture has been found to be 
useful. 
Transverse images of the carotid and femoral arteries were used in 
addition to the longitudinal sections. Transverse images were orientated as if 
viewed from the patient's face, hence, the patient's right side appeared on the left 
side of the image. Good quality transverse scan could almost always be obtained 
in the common carotid, bifurcation and common femoral arteries. It has 
contributed significantly to the identification of plaque thickness, estimation of its 
• 飞 . 
� severity and extent of luminal reduction, and measurement of stenotic lesions. 
1 2 
^ \ 
Transverse images have been very useful to establish the relative position of the 
internal and external carotid arteries in the neck p^igure 7 . 
4.3.4 B-mode Ultrasound Scanning Procedure 
. B-mode scanning carotid sonography was performed with the patient in a 
supine position, shoulders and head elevated on a angled sponge wedge specially 
designed for this purpose. The neck was extended slightly and the head was 
turned to varing degree (about 40-45°) toward the side opposite to that being 
examined. Scanning of the entire bifurcation , internal or external carotid arteries 
may, at times, be accomplished with the patient's head and neck in a single 
position，but more often than not, the head and neck have to be moved to the 
different positions to facilitate imaging various portions of the bifccation and 
branches. Precaution was taken not to extend the neck too much. 
The sequence of B-mode scanning carotid artery was usually from the 
proximal portion of the common carotid artery, the carotid bifurcation and then the 
internal or external carotid artery. 
• I 
The common carotid artery (right and left) was identified by its pulsation 
and by the prominent linear reflections adjacent to the vessel wall. The common 
carotid artery (right or left) was scanned first in the transverse plane to locate the 
bifurcation, and then longitudinally from the base of the neck to the bifurcation. 
The common carotid arteries were also viewed through the jugular vein in order to 
enhance the definition ofthe arterial wall pFigure 8:. 
！ 
A 7.5 MHz linear transducer was positioned to maximize the width of the 
\ . 
lumen of the common carotid artery (CCA) in its longitudinal plane, with the 
13 
乂 
origin of the bifurcation (bulb) positioned over the most left or right most vertical� 
line on the screen. Thus the area of interest - the 1-cm of common carotid artery 
proximail to the bifurcation appeared horizontally in the centre of the screen 
between the two vertical lines. Adjustments were made to the transducer position 
so that a clear 'double-lines' pattem of both arterial walls was visualized, and the 
luminal diameter was maximized [Fig. 2:. 
With minimal transverse movement, while maintaining the same 
longitudinal position, the transducer was moved cranially to visualize the 
bifurcation (bulb) with acquisition of a maximal lumen diameter. The origin of 
the bifurcation was positioned over the most right or left vertical line of the screen. 
Thus the area of interest - the 1-cm of the bifurcation distal to the origin, appeared 
horizontally in the centre of the screen between the two vertical lines. 
Adjustments were again made to maximize the lumen diameter, to optimize the 
double line pattem of the intima-media wall (particularly in the centre of the area 
to be measured), and to ensure that the far wall was horizontal p^ig. 3:. -
The transducer was then moved cranially to visualize the internal carotid 
artery (right or left), while maintaining the same angulation and longitudinal 
plane. The flow divider (or if this has not been clearly seen, the point that best 
approximated the origin of the internal carotid artery at the distal end of the 
bifurcation) was positioned over the most right or left vertical line on the screen. 
|i 
Thus the area of interest in proximal 1 cm of the internal carotid artery, appeared 
horizontally in the centre of the screen between the two vertical lines. 
Adjustments of the transducer position were similarly made to maximize the 
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As an alternative, the posterolateral appoach was adopted to provide better� 
images of the distal reaches of the intemai carotid artery. To use this view 
effectively, the patient's head was tumed to the contralateral side and the 
transducers placed well behind the stemomastoid muscle. On occasion when it 
was difficult to image the internal carotid artery because the vessel was more 
posteriorly orientated, the intemal and external carotid arteries were identified 
and differentiated using pulsed wave Doppler and temporal tapping (Table 2): 
Identification ofinternal or external carotid arteries 
Features internal carotid artery external carotid artery 
Vessel Size relatively larger relatively smaller 
Branches no yes 
Orientation proceeds posteriorly proceeds anteriorly toward 
toward mastoid process face 
Doppler Characteristics lower sound and flow higher sound and flow 
velocity velocity 
For scanning the common femoral artery, a 7.5 MHz transducer was 
scanned over the course of the femoral artery in the groin and the upper part of the 
thigh, with the lower limbs in slight extemal rotation,and the subject in the dorsal 
position. While maintaining the same longitudinal plane, adjustments were 
similarly made to the transducer position to optimize the images. 
During the B-mode scanning, the ultrasound images of area of interest 
were zootoed, magnified and projected in real-time on the television monitor. 




thickness (IMT) of the interest arterial segment at the far wall. Findings were 
classified into two categories at each of the three sites: absence of any 
atherosclerotic plaque or presence of one or more arterial plaques at a given site. 
The video recording of each patient's ultrasound examination was 
analysed by a built-in computerised analyzing system. The videotape was played 
at normal speed and frames were selected to demonstrate the maximal thickness of 
the interfaces 2-3 (near wall) and 4-5(far wall) regions,focusing specifically on 
those arterial segments that contain lesions. 
4.3.5 Classification of Atherosclerotic lesion 
Intimal-media thickening of the carotid artery wall was defined as a 
distance > 1.2 mm between the lumen-intimal interface and the media-adventitia 
interface [Fig.9][132,142,163,182]. The atherosclerotic lesion was defined as a 
plaque which is identified as an echogenic structure encroaching into the vessel 
lumen with a distinct area of more than 50% greater intimal media thickness as 
compered with neighbouring sites [163,183], or it could be identified either with 
mineralization(bright echo, often producing a typical echogenic shadow) or with > 
focal protrusion into the lumen [184]. 
Plaque obstructing more than 20% of the lumen diameter was, by 
convention called a "stenosis" [Fig. 10][132,137,163,182]. 
Plaque is considered present at the carotid or femoral site when one or 
more atherosclerotic plaques were found at this site, regardless of their precise 
location a^d the quantity of plaques. 
i, � -, "' • 







In addition, the severity of carotid or femoral artery atherosclerosis in 
each patient was evaluated according to their maximum percentage stenosis. The 
maximum percentage stenosis was computed by measuring the residual lumen 
diameter and original diameter at the site of maximal stenosis and dividing the 
difference by the original diameter. The maximum percentage stenosis was 
evaluated as no lesion, mild stenonsis (<30 % loss of vessel diameter), moderate 
stenosis (30-50 % loss of vessel diameter), severe stenosis (>50 % of vessel 
diameter ) or occlusion [127 ]. Classification was based on the most severely 
affected site in either the right or left side. Longitudinal "frozen" hard-copied 
images representing the site of the most advance lesion for each person were 
chosen and reviewed by the same sonographer in off-line session. In case of a 
discrepancy with the stenosis classification made during on-line scanning，the 
videotape was reviewed. 
The extent of atherosclerotic plaque at the arteries was graded as : 
0 = No plaque 0[MT<1.2 mm) 
1 = One small plaque(IMT 1.2-2.0 mm or <30 % loss of vessel 
diameter) 
2 = One medium plaque (IMT 2.1-4.0 nun or 30 - 50 % loss of ，； 
vessel diameter) or multiple small plaques 
3 = One larger plaque (IMT > 4.1 mm or >50 % loss of vessel 
diameter)or multiple plaques with at least one medium plaque 
The grading for segments of commom carotid, bifurcation, internal carotid 
arteries and common femoral artery of both sides were summed up to construct the 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.4.0 Training of Sonographer 
The training program of sonographer was divided in two phases: 
Phase I was attachment for 3 months in the Image laboratory of the 
Department of Diagnostic Radiology and Organ Imaging, the Chinese University 
of Hong Kong. The initial program included instruction and practical 
demonstration, as well as "hands-on" practice of the scanning procedure. 
Phase II was attachment for 2 months in the cardiovascular laboratory of 
the Department of Medicine, Auckland University Hospital, New Zealand. The 
sonographer practiced the scanning and measurement protocol. 
To assess the impact of practical experience of sonographer on the 
ultrasonic image and reproducibility of wall thickness measurement, 30 patients 
were studied twice in the first 2 months of project operation (period 1 ), another 
group of 30 patients were studied in the third and fourth months (period 2 ) and a 
third group in the fifth and sixth months of operation (period 3 ). Two ultrasonic 
scanning and measurements were performed at 1-2 weeks apart in each patient 
by the same sonographer using the same scanning protocol in each period. The , 
pairs of wall thickness measurement in each period were compared and 
correlation made. 
4.5.0 Reproducibility ofB-mode Ultrasonography 
The quality of B-mode ultrasound evaluation of atherosclerotic disease is 
highly dependent on the instrumentation and on the sonographer[l 81.182]. An 
uniform examination procedure and image analysis was strictly followed, and B-





To minimize the variability of repeated assessments, the patient's position and" 
image planes were kept constant for each patient. At the patient's first ultrasound 
visit , the baseline assessment- machine setting and detail of patient's position 
were recorded, and reused at repeated examinations. A hard copy ofthe scan was 
recorded and printed for reference. On this fixed protocol, the reproducibility of 
B-mode ultrasonography was studied in 144 patients, 80 with coronary artery 
disease , 42 with uncomplicated hypertension, and 22 normal patients. B-mode 
ultrasound examination was performed on two occasions with an interval ofO.5-10 
weeks apart(mean 1.3±1.5 weeks ) by the same sonographer without reviewing of 
the results of previous examinations. Intimal-media thickness in 6 arterial 
segments i.e. right and left common carotid arteries, bifurcation and femoral 
’ arteries were repeatedly measured at the far wall of carotid and femoral arteries. 
Measurements of these variables on first and repeated examinations were 
compared, and the correlation between examinations were assessed. 
4.6.0 Statistical Evaluation 
Analysis of variance was performed using the greatest plaque thickness _ 
score at any of the examined arterial regions as the dependent variable. The 
covariates in the model are sex, age, hypertension, diabetes mellitus and cigarette 
smoking status. 
The statistical analysis was carried out using SPSS software [185]. The 
data were expressed as the mean 土 SD of all study variables. Statistical 
significance of the differences in mean values between cases and controls was 
evaluated by paired Student's t-test, difference in proportions were tested using 
Normal approximation to the Binomial distribution. Blood pressures, heart rate, 
smokers and diabetes mellitus status and serum lipids parameters (total serum� 
29 
. •_- . ^ , . . - , . -
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cholesterol, triglycerides ) in the patients were compared using unpaired t-test. For “ 
all tests a probability value of<0.05 was considered to be significant (two-sided). 
For mean wall thickness and mean lumen diameter, the absolute difference 
between pairs ofmeasurements and the correlation coefficients ofreproducibility 
and agreement were tested according to the methods proposed by JJ. Bartko 
[186]. The means and standard deviations (SDs) for differences between pairs of 
measurements were calculated. The standard error(s) is then calculated according 
to the formula. 
5 = SD/V2 
The coefficient of variation (CV) describing the difference as a percentage 
ofthe pooled mean values pC) was calculated according to the formula 







•V 5.0 Results 
5.1.0 Assessment ofTraining ofSonographer 
The results of mean IMT measurements in both common carotid artery 
. (CCA), bifurcation and internal carotid artery (ICA) in three training periods were 
shown in Table 3 . The correlation coefficient(r) of mean intimal-media thickness 
for repeated determinations of right and left common carotid arteries were 0.78 
and 0.85 respectively in period 1，1.00 and 0.95 respectively in period 2, 0.96 and 
0.98 respectively in period 3. 
5.2.0 Reproducibility of Two Ultrasonic Measurements 
5.2.1 Intimal-Media Thickness 
Measurement for intimal-media thickness of each group of arteries and on 
repeated measurements were listed in Table 4，5 and 6. Correlations between 
repeated measurement ofIMT were shown in Figure 11 and 12. 
,> 
The mean difference in maximal IMT in right internal carotid artery 
between two examinations in normal patients was 0.01mm (95% confidence 
interval -0.005 to 0.015mm, r=l), 0.01mm (95% confidence interval -0.004 to 
0.028mm, r=0.98) in hypertensive patients and 0.03mm (95% confidence interval 
0.023 to 0.041mm, r=0.89) in coronary artery disease(CAD) patients respectively 






For the left carotid bifurcation segment, which has a thicker IMT in the 
range of 0.92mm to L62mm, the mean difference between two examinations was 
0.06mm (95% confidence interval 0.010 to 0.100mm, r-0.98) in normal, 0.07mm 
(95% confidence interval 0.011 to 0.151mm, r=0.95) in HT and 0.106mm (95% 
confidence interval 0.051 to -0.161mm，r=0,96) in CAD respectively P^ig. 12；. 
5.2.2 Lumen Diameter. 
Measurements for lumen diameters in the common carotid and femoral 
arteries in the two examinations were shown in Tables 7，8 and 9. 
The mean difference in lumen diameter in the common carotid arteries 
between two examinations in normal patients was 0.1mm on right side (95% 
confidence interval -0.016 to 0.0184mm, r=0.982), and 0.33mm on the left side 
(95% confidence interval -0.510 to 1.17mm，r=0.417), in the hypertension 
patients was in range of 0.002mm (95% CI -0.085 to 0.081mm, r=0.965) to 
0.095mm (95% CI 0.014 to 0.205mm, r=0.926), and in the coronary patients was 
in the range of0.023mm (95% CI -0.014 to 0.045mm, r-0.82) to 0.041mm (95% 
CI -0.038 to 0.120mm, r=0.92) [Fig. 13]. Mean differences in lumen diameter of 
femoral arteries in the 3 patient groups were in the range of 0.014mm to 0.27mm 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5.3.0 Clinical Relevence “ 
5.3.1 Patient's characteristics 
Patients with CAD were significantly older than patients with HT and 
• NORMAL (p<0.001 ). While there were no differences between normal and 
hypertensive patients and between normal and CAD patients in systolic blood 
pressure, the diastolic blood pressure of hypertensive patients was higher than 
normal patient ( p< 0.001 ) and CAD patient ( p< 0.001 ) [Table 1 ]. Serum 
cholesterol and serum triglyceride level of NORMAL were lower than the 
• HTOp<0.01) and CAD group ( p< 0.01 and p<0.001) [Table 1 ]. There were more 
smokers and subjects with diabetes mellitus in the CAD group compared with the 
NORMAL and the HT group(^<0.01). There was no significant difference in 
body mass index among the 3 patient groups. 
5.3.2 Relation ofIntimaI-Media Thickness to Disease and Age 
Groups 
> 
The IMT of carotid and femoral arteries were tabulated. Intimal-media 
thickness of right intemal carotid arteries, right and left common femoral arteries 
were similar in the 3 patient groups [Table 10 ；. 
The mean maximal IMT was greater in the common carotid artery and in 
the bifurcation. Taken as a whole, the mean maximal IMT of the common carotid 
artery of CAD subjects (0.81±0.41mm) was significantly higher than NORMAL 
group ( 0.�0±0.15mm; p < 0.001 ) and HT group ( 0.72±0.23mm; p< 0.01 ) pFig. 
14 ][Table.ll]. Similarly the mean maximal IMT at the bifurcation in the CAD 
43 
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(1.28±0.88mm，p<0.001) was significantly higher than in the NORMAL group� 
(0.89±0.52mm; p<0.001), and HT group (0.94±0.61; p< 0.001 ) pFig. 15] [Table 
11]. 
Patients have been stratified into 2 age groups (ie.<60 years or>60 years). 
Within each age group the NORMAL, HT and CAD patients were matched for 
age and other demographic and clinical parameters [Table 12 and 13 . 
The mean maximal IMT at carotid bifurcation was greater in patients >60 
years in both hypertension and CAD patients [Table 14], and was greater only in 
CAD patients in the younger age group [Fig. 16 & 17]. 
5.3.3 Prevalence of Atherosclerosis 
Atherosclerotic plaques were found mostly in the carotid bifurcation and 
common carotid segments. In the 285 CAD patients screened, plaques were 
present in 48.2%(less than 60 years of age) and 64.2%(more than 60 years of age) 
at bifurcation, (14.4-22.1)% at common carotid, in (3.5-6.0)% at internal carotid 
segments and in (33.0-41.4)% at femoral arteries [Table 15]. One or more 
atherosclerotic plaques were present in 372/922 arteries (40.3%) in the 461 
patients studied. Carotid atherosclerosis was more prevalent in the males 
(p<0.001), in those >60 years Q)<0.01) and among CAD patients compared with 
normal (45.6% vs 23.8%; p<0.001) or hypertension patients (42.3% vs 22.1%; 







5.3.4 Extent of Atherosclerosis 
i 
Plaque index as an indicator for extent of atherosclerosis was tabulated 
Table 17]. It was higher in the CAD group compared with the hypertensive or 
normal subjects (2.6 vs 1.9; p<0.05). There was no significant difference in 
atherosclerotic plaque indices between the later two groups [Fig. 18 . 
Atherosclerotic plaque indices of femoral artery were not significantly 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The quality of ultrasonographic assessment of atherosclerotic disease is 
highly dependent on instrumentation and on the operator. Previous reports on 
carotid arteries from patients with angiographically proven cerebrovascular 
• disease, have shown that the sensitivity of plaque detection by ultrasonography 
was about 90% [187]. An important issue that must also be addressed is the 
variation between different operator and for the same operator between different 
times. Previous studies have suggested that such strict quality control of the 
procedures is essential ie. the reproducibility of imaging procedures and 
measurement analysis in the study has to be documented. To ensure this, a 
standardized training of ultrasonography personnel is critical. In the program of 
ACAPS (Asymptomatic Carotid Artery Plaque Study), all sonographers completed 
an uniform 3-month training program conducted by the ultrasound center [178:. 
The certificated program was comprehensive to ensure that once 
completed，all sonographer participating could perform the scanning protocol as 
consistently and as accurately as possible [145]. It has been proposed by Bond 
MG et al [135] that a training time for B-mode ultrasonographer is 240 hours; the , 
initial training provided 24 hours of lectures and 56 hours of "hand-on" 
sonographer practice on the scanning procedure. On completion of the first phase, 
the sonographer practiced to use the scanning protocol, which normally required 4 
months of effort. 
The operator in the present study (C.P.) has had 10 years' experience in 
standard echocardiography, but quite unfamiliar with B-mode sonography. The 
sonographer's training was similarly divided into three training periods: formal 
•V . 
presentation and hand-on experience, continuing quality check and upgrading. 
59 
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Each training period lasted for 2 months. Our experience conformed with others “ 
in that the carotid bifurcation and common carotid artery are easier to image 
compared with the internal carotid artery. The correlation and reproducibility of 
repeated intimal-media thickness measurements of common carotid artery 
improved after 2 months and became acceptable during the third period. This 
finding suggests that training of sonographer for using a standardized scanning 
and measurement protocol in high resolution B-mode ultrasonography require at 
least four and preferably six months. 
Several factors can affect the image quality of B-mode ultrasound 
scanning. Those portions of the carotid arteries that are perpendicular to the 
ultrasonic beam are visualized most clearly on the B-mode image, and 
visualization is diminished as the angle of incidence decreases from 90° 
(perpendicular) to 0° Q3arallel). It is important to keep the scanning plane as much 
perpendicular to the vessel axis as possible during transverse scanning. Scanning 
in oblique planes may distort the size of plaque deposits and the seventy of 
luminal narrowing. The frequency of the transducer greatly affects the B-mode 
resolution. Higher frequency transducers have superior resolution compared with 
lower frequency transducer but less penetration depth and may be more attenuated 
i 
than lower frequency ones as they transverse soft tissues. Hence, a trade-off must 
be made between irrelevant resolution capabilities and attenuation. In this study 
ultrasound frequency of 7.5MHz has been found to be appropriate for common 
carotid or common femoral artery examination. 
The reproducibility findings concur with. previous reports that with 
uniform scanning procedure, measurement protocol and adequate training of the j 
sonographer, highly reproducible measurement of IMT of common carotid artery 
、 . 





examinations by a single operator at the common carotid artery (0.04 to 0.05mm) 
and at the carotid bifurcation (O.llmm) compared favourably with others reported 
previously [Table 18] [16,164,187,188]. Correlations of variation were greater 
with increased IMT and with lumen diameter measurement, but the reproducibility 
is still acceptable for epidemiological survey or routine clinical assessment 
16,164,187,188]. However for IMT of plaque >1.2mm and for lumen diameter 
<8.0mm, the absolute difference may be approaching 0.2mm and 0.6mm 
respectively. For study of regression of atherosclerotic plaque and endothelial 
function of considerable interest recently because of its potential for assessing 
preclinical or early atherosclerosis, further improvement in scanning technologies 
may be necessary. The ultrasound system could be further improved by 
incorporation of an optical disc for better digital storage and retrieval for off-line 
analysis, higher magnification of zoomed image, and an improved measuring grid 
for IMT measurement. [ 189,190". 
This experience with B-mode ultrasound is in agreement witfi" many 
others that it is easier to scan the right common carotid and bifurcation than the 
left carotid artery or the internal carotid artery. The reproducibility in measuring 
IMT of left carotid artery and femoral artery is lower than the right common 
carotid artery and bifurcation. For epidemiology screening of atherosclerosis, we 
recommend scanning of carotid and femoral arteries on both sides, but for follow 
up regression or progression studies of atherosclerosis, measurement ofIMT at the 
right common carotid and bifurcation artery is recommended. 
Measurements of intimal-media thickness and lumen diameter from B-
mode ultr^onographic images are not performed in a uniform and standardized 
1 
way. Some groups make measurements on both the near wall and far wall and 






measurements only at the far wall [12，162]. Our result shows that B-mode 
ultrasound imaging can measure meaningful intimal-media wall thickness at the 
level of the far wall of carotid system . This is in agreement with study reported 
by Gamble et al [190] and other studies validating ultrasonic measured IMT with 
direct measurement of pathological specimen [8,51，94，188，191-193:. 
The imaging and IMT measurement is made more consistently in the 
common carotid artery, where the vessel course is parallel to the skin surface and 
thus presents a target at right angle to the sonographic beam. At other carotid 
segment, it is sometimes not so easy to visualize the far wall intimal-media 
b o u n d a r y . Although some studies have used the proximal internal carotid artery 
as the target of study [177,194], the choice of measured artery segments in most 
studies were the common carotid artery and the carotid bifurcation [12,142, 
152,156,159,162,163,187,195]. 
In comparison, the literature on femoral artery and atherosclerosis is 
strikingly scarce. Little is known about the atherosclerotic changes in common 
femoral arteries [15，31,79,196-198]. Persson et al [179] found that in many cases 
it was difficult to visualize the intimal-media complex in the femoral artery. The 
present study measurements of the intimal-media and lumen diameter of the 
common femoral artery and the data were found to be consistently satisfactory. 
The mean intimal-media wail thickness in all 3 patient groups of common 
carotid artery (ranging from 0.68 to 0.83 mm), bifurcation (ranging from 0.82 to 
1.29 mm) and of internal carotid artery (range 0.43 to 0.49 nun) are smaller than 





The prevalence of carotid atherosclerosis in CAD patient (45.6%) and in 
the whole patient group (40.1%) was lower than those reported from different 
patient groups in many Western countries[Table 19]. The prevalence of 
atherosclerotic plaque inmaged by ultrasonography varies with defmation of 
atherosclerotic plaque(whether IMT>LOmm or >1.2mm), age, sex and types of 
patients. The result of a study from USA on 742 subjects aged 66.3 years (range, 
22 to 93 years) with neurologic symptoms showed carotid atherosclerotic 
prevalence of 48% [114]. In Finland, a study in 1988 reported a mean 
atherosclerotic prevalence of 49% among a geographically defined population of 
middle-aged eastem Finnish men, but the prevalence increased sharply with age 
-(14.1%, 32%, 67.7% and 81.9% respectively in mean age groups of 42, 48, 54 and 
60 years respectively) [13]. Another population study in 1991 on 1,288 subjects 
aged 42 to 60 years reported 52.9% of atherosclerotic prevalence at carotid artery 
[146]. The Kuopio Ischaemic Heart Disease Risk Factor Study (KIHD) reported 
in 1,257 subjects aged 54 years the prevalence of carotid atherosclerosis by B-
mode ultrasonography was 53.1% [200]. A study from Japan on 232 patients aged 
61±14 years with cardiovascular disease reported 5 9 % � o f atherosclerosis 
prevalence by B-mode ultrasound[143], but there is no data from Japan on a 
younger community group. Study from France on 778 asymptomatic volunteers 
aged 47.9 土 10.6 years with hyperlipidaemia reported 46.3% of carotid 
atherosclerotic prevalence. [199]. Our prevalence (41.7%) among the group of 
patients with risk factors (CAD and Hypertension) is lower. Report of a 
community study from Italy and France on 528 subjects aged 40-79 years showed 
53% of carotid atherosclerotic prevalence [184], and the Atherosclerotic Risk in 
Communities Study (ARIC) in USA found 49.1% of carotid atherosclerotic 
prevalence on 9,317 subjects aged 45 to 64 years by B-mode ultrasonography 
[201]. All this subjects had neither hypertension nor coronary heart disease. Their 
atherosclerotic prevalence was higher than both the hypertension and CAD patient 
63 
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groups in our present study. Among the CAD patients, the atherosclerotic plaque 
index as a indicator of extent of atherosclerosis was much lower than that reported 
by Sutton et al in elderly American patients with isolated systolic hypertension 
(mean index of 8.1) [180]. These findings are consistent with a reported lower 
incidence of acute myocardial infarction and lower CAD prevalence in the 
Chinese[202]. 
Early atherosclerosis involves only the intima and small changes of 0.1 to 
0.2 mm in IMT may represent a subtantial increase in atherosclerotic involvement. 
Although the prevalence of atherosclerosis and plaque index in this study are 
lower than those reported from other studies, milder degree of intimal-media 
thickness detectable by B-mode ultrasonographic technique are not uncommon in 
Chinese patients in Hong Kong [Table 20][12,16,140,150,152,155,188,195,200]. 
Early atherosclerosis can lead to compensatory dilation of the arterial diameter 
[152,203], and it can be best assessed noninvasively with the B-mode 
ultrasonography [152,203]. In the present study, the mean lumen diameter of 、 
common carotid artery (right and left) in all 3 groups is approximately 8.2 mm 
(range from 8.1 to 8.4 mm) and a significant difference is found between 
NORMAL and CAD groups (p<0.01) [Table 21]. This result is similar to the 
findings in ARIC study which has demonstrated a lumen diameter of common 
carotid artery of 8.1 mm [152,204]. 
Many studies have demonstrated that atherosclerosis is a generalized 
process. Extracranial carotid atherosclerosis is believed to be associated with 
coronary artery disease [146,150,188]. Presence of severe carotid atherosclerosis 
is a marker for an increased risk of ischaemic heart disease or sudden cardiac death 
[136,205-207]. The association between coronary and ultrasonic documented 
carotid atherosclerosis in this study is strong, in that carotid artery mean IMT by 
64 
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B-mode ultrasonography and prevalence of IMT >1.2 mm was significantly 
greater in Chinese patients with angiographicaily defined coronary artery disease 
than in patients with normal coronary angiograms. The present study also 
suggests that CAD in the Chinese is associated with a higher prevalence and more 
extensive atherosclerosis in carotid arteries. Hypertension appears to have a 
weaker impact on the development of carotid atherosclerosis and, a significant 
difference of IMT of common carotid artery is only found between normal and 
hypertension in those >60 yearsOp<0.05). This finding is consistent with other 
studies which reported that hypertension was not associated significantly with 
carotid atherosclerosis in general [140，163]. High blood pressure may show a 
much stronger impact with non-atherosclerotic sclerosis of small vessels [208 
rather than the lager vessels studied in this work. 
Of all known factors, age is a most symptomatic cerebrovascular disease, 
and age emerged as an imported risk factor for prevalence and extent of carotid 
atherosclerosis as well [12,16,25,37，70,126,131，136，145，146,148,150,174,176, 、 
184,201,209-215]. 
Positive correlations between age and thickness of the intimal-media 
complex at the level of far wall of common carotid system and of common 
femoral arteries were found in this study in all 3 patient groups. Moreover an 
increased prevalence of atherosclerosis and plaque index were found in patients 
aged >60 years in all 3 groups. Although some studies showned no correlation 
between age and atherosclerosis [148,176], the findings of this study suggest that 
carotid atherosclerosis is prevalent among the Chinese aged >60 years, especially 
among the Chinese with CAD and aged >60 years, but the overall prevalence is 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































7.0 General Remarks and Conclusion 
B-mode ultrasonic imaging is a safe, painless, inexpensive and 
^ _ . ... . '•* 
noninvasive method that requires no injection of contrast material. This 
development has made it possible to detect small difference in lumen size and 
. arterial wall thickness in subjects with or without symptomatic atherosclerotic 
disease. . 
The present study has established this very useful methodology in Hong 
Kong and confirmed B-mode ultrasonography of common carotid, carotid 
bifurcation and femoral artery is highly reliable and reproducible noninvasive 
imaging technique for evaluation of atherosclerosis. With further improvement in 
recording and measurement techniques, small changes in atherosclerotic plaques 
can now be monitored over time, providing a valuable tool for studying natural 
history of atherosclerosis and the effect of pharmacological or life-style 
interventions. Development of this new noninvasive method for imaging arteries 
will contrubute considerably to epidemological studies and clinical trials on 
atherosclerosis in Hong Kong. 
However, B-mode ultrasonography has some limitations. Current 
technologies do not necessarily characterize the nature of an existing plaque, nor 
can it determine whether a plaque has a fibrous cap, soft fatty infiltrate, recent 
thrombus,or is ulcerated or haemorrhagic. For a more sophisticated analysis, 
advances in tissue characterization and more invasive methods, such as 
intravascular ultrasound or angioscophy, will be required. However, such 
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